CHAPTER

Applications of Newton’s Laws

1+

5% .

Various objects lie on the floor of atruck moving along a horizontal road. If the truck accelerates, what force
acts on the objects to cause them to accelerate?
Force of friction between the objects and the floor of the truck.

Any object resting on the floor of atruck will slide if the truck’s acceleration is too great. How does the
critical acceleration at which alight object slips compare with that at which a much heavier object slips?
They are the same.

True or false: (a) Theforce of static friction always equals, F.. (b) The force of friction always opposes the

us
motion of an object. (c) The force of friction always opposes sliding. (d) The force of kinetic friction always
equals MKF”'

(a) False (b) True (c) True (d) True

A block of mass mrests on a plane inclined at an angle 0 with the horizontal. It follows that the coefficient of

static friction between the block and the planeis (a) “53 1. (b) MS: tan g. (© MS£ tan 4. (d) MSB tan 4.
(d)

A block of mass mis at rest on a plane inclined at angle of 30° with the horizontal, as in Figure 5-38. Which
of the following statements about the force of static friction istrue? (a) f,> mg (b) f,> mg cos 30°

(c) f,=mgcos30° (d)f,=mgsin30° (e) None of these statementsis true.

(d) f,must equal in magnitude the component of the weight along the plane.

A block of mass mslides at constant speed down a plane inclined at an anglee with the horizontal. It follows
that (a) “kz mgsine.(b) “k:tan 0" (© wzl-cose. (d) uk=cose-sine.

(a) Acceleration = 0, therefore f, = mg sin o With F, = mg cos o it followsthat , = tan 9

k

A block of wood is pulled by a horizontal string across a horizontal surface; constant velocity with aforce

of 20 N. The coefficient of kinetic friction between the surfaces is 0.3. The force of friction is (a) impossible to

determine without knowing the mass of the block. (b) impossible to determine without knowing the speed of the
block. (c) 0.3N. (d) 6 N. (e) 20 N.

(e) The net forceis zero.
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A 20-N block rests on a horizontal surface. The coefficients of static and kinetic friction between the surface
and the block are, ;= 0.8 and . , = 0.6. A horizontal string is attached to the block and a constant tension T is

ue %
maintained in the string. What is the force of friction acting on the block if (a) T= 15N, or (b) T=20 N.
(a) If ;Mg > 15, thenf=f,= 15N 0.8° (20N)=16N;f=f=15N
(b)T>fsmax;f=fk=wmg f=f,=0.6" (20N)=12N

A block of mass mis pulled at constant velocity across a horizontal surface by astring asin Figure 5-39. The
magnitude of the frictional forceis (a) Mkmg. (b) Tcos 0" (© Mk(T- mg). (d) leTsin 0" (e Mk(mg + Tsin e).

(b) The net forceis zero.

A tired worker pushes with a force of 500 N on a 100-kg crate resting on athick pile carpet. The coefficients
of static and kinetic friction are 0.6 and 0.4, respectively. Find the frictional force exerted by the surface.
1. Draw the free-body diagram I

= [

2 Apply <F = ma F,- (100" 9.81) N=0; F,= 981N
ny _ZF fom = 589 N > 500 N

oW F=f=500N
4. Since 500 N < f,,, the box does not move

A box weighing 600 N is pushed along a horizontal floor at constant velocity with aforce of 250 N parallel
to the floor. What is the coefficient of kinetic friction between the box and the floor?

Draw the free-body diagram. I
— =1 1 I']
A [
Iut 'J' =
1. Apply SF=ma;a,=a,=0 250 N =f,; F, = 600 N

2.fc= T solve for = (250/600) = 0.417

“’k

The coefficient of static friction between the tires of a car and a horizontal road is u = 0.6. If the net force on
the car is the force of static friction exerted by the road, (a) what is the maximum acceleration of the car when it

is braked? (b) What is the least distance in which the car can stop if itisinitially traveling at 30 m/s?
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Draw the free-body diagram.
1] [

=T

I" IRITRL
I [
(@) 1. Apply SF =ma; a,=0 fomax = MAneg Fy = Mg
2. Usefim = MSF” and solve for a,, Bra = 0 = (0.6~ 9.81) m/s’ = 5.89 m/s”.
(b) UseV* = v,2 + 2as; solve for swithv =0 s=[30%(2" 5.89) m=76.5m

13* - Theforce that accelerates a car along aflat road is the frictional force exerted by the road on the car’stires.
(a) Explain why the acceleration can be greater when the wheels do not spin. (b) If acar isto accelerate from O
to 90 km/hin 12 s at constant acceleration, what is the minimum coefficient of friction needed between the road
and tires? Assume that half the weight of the car is supported by the drive wheels.
(a) us > Hk; thereforef is greater if the wheels do not

spin [ 11
. -

(b) 1. Draw the free-body diagram; the normal force on each pair of wheelsis 1/2mg.

2. Apply SF = ma fo=ma= MSF”; F.=12mg
3. Solvefor a a=12.9= (25 m/s’)/(12 s) = 2.08 m/s’
4.Find s ws= (27 2.08/9.81) = 0.425

14 - Onthe current tour of the rock band Dead Wait, the show opens with a dark stage. Suddenly thereisthe

sound of alarge automobile accident. Lead singer Sharika comes sliding to the front of the stage on her knees. Her

initial speed is 3 m/s. After sliding 2 m, she comesto rest in adry ice fog as flash pots explode on either side. What is

the coefficient of kinetic friction between Sharika and the stage?
Draw the free-body diagram.

1) f

[‘u

=l

1. Use V* = v + 2as, solve for a a=(94) m/s’

2. fe=ma= wFn Fo = mg W= alg=[9/(4" 9.81)] =0.23
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A 5-kg block is held at rest against a vertical wall by a horizontal force of 100 N. (a) What is the frictional
force exerted by the wall on the block? (b) What is the minimum horizontal force needed to prevent the
block from falling if the coefficient of friction between the wall and the block is (= 0.407?

IVLS
(a) 1. Draw the free-body diagram Wi 1 K,
— [l e E—
— 1 A
moy | L
=y
2. Apply SF = ma F,=100 N; f.= mg = 49.05 N

(b) f;= |, Fn solvefor F, F.= (49.05 N)/0.4 = 123 N

On a snowy day with the temperature near the freezing point, the coefficient of static friction between acar’'s
tiresand an icy road is 0.08. What is the maximum incline that this four-wheel-drive vehicle can climb with

zero acceleration?

1. Draw the free-body diagram

’ m;_r--‘
2. Apply SF = ma fs-mgsinezo;fszmgsine
Fn-mgcosezo; Fnzmgsine

3. fsszn mgsinezwmgcose

4. Solve for s and find 9 = tan ¢ = 0.08: 0= tan(0.08) = 4.57°

A 50-kg box that isresting on alevel floor must be moved. The coefficient of static friction between the box
and the floor is 0.6. One way to move the box is to push down on it at an angle 9 with the horizontal. Another

method is to pull up on the box at an angle 0 with the horizontal. (a) Explain why one method is better than the
other. (b) Calculate the force necessary to move the box by each method if 9= 30° and compare the answers
with the result when o = 0°.

The free-body diagram for both cases, 9> 0 and 9 < 0, A b,

is shown. | m [ - [
by ]
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(a) 0> Oispreferable; it reduces F, and therefore f,

(b) 1. Use SF = ma to determine F, Fsin ptF.-mg=0.F,=mg-F sin 9
2. fS,max = “an fs,max = Ms(mg -Fsin e)
3. To move the box, F, = F cos 9 3 e nemg

F= Ms(mg -Fsin e)/COSe; F= m

4. Find F for m= 50 kg, MS: 0.6, and 0= 30°,
o =-30%and g = 0° F(30°) = 252 N, F(-30°) = 520 N, F(0°) = 294 N

A 3-kg box resting on a horizontal shelf is attached to a 2-kg box by alight string as in Figure 5-40. (a)

What isthe minimum coefficient of static friction such that the objects remain at rest? (b) If the coefficient of static

friction isless than that found in part (a), and the coefficient of kinetic friction between the box and the shelf
0.3, find the time for the 2-kg mass to fall 2 m to the floor if the system starts from rest.
1. Draw afree-body diagram for each object. In the AV

absence of friction, m, will move to the right, m, . AT
will move down. The friction force is indicated 1 —; ,
by M7 < 1, \:
f without subscript; itisf for (a), f, for (b). o oo —
[100° .
v \ \

F.-mg=0;T-f=0; mg-T=0;f=f=T=mg

(a) 1. Apply SF = ma for each mass. Note that F.,=mg
a=0 mg = LLsmlg; W m,/m, = 2/3 = 0.667
2. f=fm = MSFn; solve for s
(b) If MS< 0.667, the system will accelerate. F.=mg; T-fi=ma, mg-T=ma; f = Mkmlg
1. Apply SF = ma; a, = 0; a = a, a=(m -, m)g/(m +m)
2. Solvefor a a=2.16 m/s
3.Findaform,=3kg, m=2kg, ;=03 t=(292)” = (2" 2/2.16)?s=1.36s

4. Use s = 1/2at* solve for and find t

A block on ahorizontal planeis given an initial velocity v. It comesto rest after a displacement d. The
coefficient of kinetic friction between the block and the plane is given by (a) uk = Vd/2g. (b) s =V//2dg.
() = v’g/d . (d) none of the above.

(b) V' =2ad;a=f/m= ukmg/m = 0 solve for e
A block of massm, = 250 g is at rest on a plane that makes an angle 0= 30° above the horizontal (Figure

= 0.100. The block is attached to

5-41). The coefficient of kinetic friction between the block and the planeis ik
a second block of mass m, = 200 g that hangs freely by a string that passes over a frictionless and massless
pulley. When the second block has fallen 30.0 cm, its speed is (a) 83 cm/s. (b) 48 cm/s. (c) 160 cm/s.

(d) 59 cm/s. () 72 cm/s.
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1. Draw free-body diagrams for each object.
Note that both objects have the same accel eration.
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2. Apply SF = ma to each object and use f, = MkF” T-mgsin - f, = ma; mg cos 0= F,mg-T=ma
T=mg-ma; f,=.mgcosg

a =

3. Solve for a - i
[m2 - my(sin® + p, cos6 )] g 0 a=116m<
m1 + m2
4. Findv = (2ad)*
v=(2  1.16" 0.3)*>=0.83 m; (a) is correct.

Returning to Figure 5-41, thistime m, = 4 kg. The coefficient of static friction between the block and the
inclineis 0.4. (a) Find the range of possible values for m, for which the system will be in static equilibrium. (b)
Wheat is the frictional force on the 4-kg block if m, = 1 kg?

(a) 1. Usetheresult of Problem 5-20; set a = 0. 0=m,- m(sin o Mscos e)

Note that f, may point up or down the plane.

2. Solve for m, with m, = 4 kg, e 0.4 m, = 3.39 kg, 0.614 kg.
M, e = 3.39 kg, M, i, = 0.614 kg
(b) 1. Apply SF = ma; seta= 0 mg +f,- mgsin g =0
2. Solve for and find f; f,=[(4.0" 05-1.0)" 9.81]] N=9.81N

Returning once again to Figure 5-41, thistime m, = 4 kg, m, = 5 kg, and the coefficient of kinetic friction

between the inclined plane and the 4-kg block is  , = 0.24. Find the accel eration of the masses and the tension

[T
in the cord.

1. Use the result of Problem 5-20; substitute numerical values. a=2.36m/s
2. Use T = myg - ma and Problem 5-20 to obtain an

1+ sin® + u_cosO
T = mm 9l H.0059) 7= 372N
m; + my

The coefficient of static friction between the bed of atruck and a box resting on it is 0.30. The truck is trav-
eling at 80 km/h along a horizontal road. What is the least distance in which the truck can stop if the box is not to
dide?

1. Draw the free-body diagram.

2. Apply SF = ma to find a,

o, _ ~ fomex = MY = Maa; 8a = |9
3. Use V" = v,° + 2ax; solvefor x = d,;,

dmin = (\/02/2a'ma)<)1/2 = (V02/2u5g)1/2; dmin = 839 m
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A 4.5-kg massis given an initial velocity of 14 m/s up an incline that makes an angle of 37° with the
horizontal. When its displacement is 8.0 m, its upward velocity has diminished to 5.2 m/s. Find (a) the
coefficient of kinetic friction between the mass and the plane, (b) the displacement of the mass from its starting
point at the time when it momentarily comes to rest, and (c) the speed of the block when it again reaches its

initial position.
Draw the free-body diagram
(a) 1. Apply SF = ma F, = mg cos 43; ma, = -mg cos - f,
2. Replacef, = HKF“ and solve for a, a =-(sing+ C0S 0)9
3. Usea, = (V- Vy)/2sand solve for e W= (Vo* - V¥)/(2gscos ) - tan o; we = 0.594
(b) SetV’=0and solvefors. s= vi2g(sin o + €08 p); $=9.28m
(c) 1. Note that now f, points upward; write a, a = (lecos o-SiNg)g

2. v =(2as)"*; note that sand a are negative and
solve for and evaluate v <75 —
V= y ’¢ 0, v=4.82m/s
sin@ + p, cos6

An automobile is going up a grade of 15° at a speed of 30 m/s. The coefficient of static friction between the
tires and the road is 0.7. (a) What minimum distance does it take to stop the car? (b) What minimum distance
would it take if the car were going down the grade?
The free-body diagram is shown for part (a).

//
- mg
For part (b), f, points upward along the plane.
(a) We can use the result of Problem 5-24(a) and s=v,729(sin ot Mscos e); s=49.1m
(b), replacing wk by s
(b) Replace sin 0 by -sin 9 s= v02/29(uscos 9" sin e); s=110m

A block of mass m slides with initial speed v, on a horizontal surface. If the coefficient of kinetic friction
between the block and the surfaceis | ,, find the distance d that the block moves before coming to rest.
g andd=-v,72a

e
The problem is essentially identical to Problem 5-14, with s= d the unknown. a = -

= VOZ/Zng.
A rear-wheel-drive car supports 40% of its weight on its two drive wheels and has a coefficient of static
friction of 0.7. (a) What is the vehicle’'s maximum acceleration? (b) What is the shortest possible time in which

u
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this car can achieve a speed of 100 km/h? (Assume that the engine has unlimited power.)
Draw the free-body diagram.

fs,max = O4usm fs m
Bl | Th
mg
(a) Apply SF = ma 0.4“;ng =ma; a= 0.4“,9; a=275m/s
(b) v = at; solvefor and find t t=via; t=(27.8/2.75) s=10.1 s

L ou bets an innocent stranger that he can place a 2-kg block against the side of a cart, asin Figure 5-42, and
that the block will not fall to the ground, even though Lou will use no hooks, ropes, fasteners, magnets, glue, or
adhesives of any kind. When the stranger accepts the bet, L ou begins to push the cart in the direction shown. The
coefficient of static friction between the block and the cart is 0.6. (a) Find the minimum acceleration for which
Lou will win the bet. (b) What is the magnitude of the frictional force in this case? (c) Find the force of friction
on the block if a istwice the minimum needed for the block not to fall. (d) Show that, for a block of any mass,

the block will not fall if the accelerationisa 3 g/MS’ where w is the coefficient of static friction.

(a) 1. The normal force acting on the block isthe
force exerted by the cart.

2. Apply SF = ma F.=F=ma
(b) 1:s: 1:s,max fs,max = Msrna =mg; amnin = g/ s— 16.4 m/52
(c) fiisagainmg f.=mg=19.6 N
(d) Since g/ .isa.,, block will not fal if a3 g/ f=19.6 N

Two blocks attached by a string slide down a 20° incline. The lower block has a mass of m, = 0.25 kg and a

coefficient of kinetic friction Wk = 0.2. For the upper block, m, = 0.8 kg and ., = 0.3. Find (a) the acceleration of

the blocks and (b) the tension in the string.

“k

(a) 1. Draw the free-body diagrams for each block.

Since the coefficient of friction for the lower block is f m

the smaller, the string will be under tension. S [P ZP
K

mg

2=
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2. Apply SF = ma to each block T+, - mlgsine =ma ST+ 1y - ngsine =ma

Fi- m,gcosy = 0 F,., - m,gcosy = 0
3. Add the first pair of equations; use f, = an (mlwk + mzwk)gcose - (m, + m)gsing = (M, + m)a
4. Solve for a a = (milty + maMp)cos 8 - (my + mo)sin 6 g0

m1 + mo2

5. Solvefor T

T = mlmZ(HZK - ulk)gcos 0 0

m1 + m2
6. Substitute numerical values for the masses,
friction coefficients, and 9 tofindaand T. a =-0.809 m/s’ (i.e., down the plane); T = 0.176 N

Two blocks attached by a string are at rest on an inclined surface. The lower block has a mass of m, = 0.2 kg
and a coefficient of static friction MS: 0.4. The upper block has a mass m, = 0.1 kg and s = 0.6. (a) At what

angle 0 do the blocks begin to slide? (b) What is the tension in the string just before sliding begins?
(a) 1. Referring to Problem 5-29, replace wk by s (mlws+ mZHZS)cos 0" (M, + my)sin 0° 0

and set a = 0.
2. Solve for and evaluate g = g, o = 'ic’sln'l[(mlws+ mz“zS)/(m1 +m,); gc = 25°
(b) 1. Since tan™(0.4) = 21.8°, lower block would mg sin g - g cos g - T=0
glideif T=0. Set a =0 and solvefor T szlgsine-wsmlgcose
2. Evaluate T T=0.118 N

Two blocks connected by a massless, rigid rod slide on a surface inclined at an angle of 20°. The lower block
has amassm, = 1.2 kg, and the upper block’s massism, = 0.75 kg. (a) If the coefficients of kinetic friction are

Uk = 0.3 for the lower block and uk = 0.2 for the upper block, what is the acceleration of the blocks? (b)

Determine the force transmitted by the rod.
(a), (b) We can use the results of Problem 5-29 and a = -0.944 m/s’ (downward accel eration)
T =-0.425 N (rod under compression)

A block of mass mrests on a horizontal surface ( Figure 5-43). The box is pulled by a massless rope with a
force F at an angle 9" The coefficient of static friction is 0.6. The minimum value of the force needed to move

the block depends on the angle 0" (a) Discuss qualitatively how you would expect this force to depend on 9"
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(b) Compute the force for the angles o = 0° 10°, 20°, 30°, 40°, 50°, and 60°, and make a plot of F versus g for mg
=400 N. From your plot, at what angle is it most efficient to apply the force to move the block?

(a) F will decrease with increasing 0 for small values of 9 since the normal component diminishes; it will reach
a minimum and then increase as the tangential component of F decreases.

(b) The expression for F is given in Problem 5-17 - Hemg
cos® + ucsin @

o (degrees) 0 10 20 30 40 50 60

F (N) 240 220 210 206 208 218 235 2w
A plot of F versus 9 is shown here.

From the graph it appears that F is a minimum
ag= 30°.

Minimum Force - newtons
[
IS
Q

Theta - degrees

33* -+ Answer the same questions as in Problem 32, only this time with aforce F that pushes down on the block in
Figure 5-44 at an angle 9 with the horizontal.

(a) Asin Problem 5-17, replace 0 by "9 in the expression for F. One expects that F will increase with

increasing magnitude of the angle since the normal component increases and tangential component decreases.

(b) 0 (degrees)0 -10-20 -30 -40 -50 1400 ; ;
-60 @ 1200 ;
F(N) 240 272 327 424 631 N o /
1310 diverged ;
§ oop 5 S
E E00 i i
A pIOt Of F Versus the magnitude Of isshown 5 A pesersusss basessensssonane //’/ . S S
0 b
5 10 15 -nfzta f;ﬂg::;s 35 40 45 50

34 - A 100-kg massis pulled along a frictionless surface by a horizontal force F such that its acceleration is
6 m/s’ (Figure 5-45). A 20-kg mass slides along the top of the 100-kg mass and has an acceleration of 4 m/s’.
(It thus slides backward relative to the 100-kg mass.) (a) What is the frictional force exerted by the 100-kg mass
on the 20-kg mass? (b) What is the net force acting on the 100-kg mass? What is the force F? (¢) After the 20-kg
mass falls off the 100-kg mass, what is the acceleration of the 100-kg mass? (Assume that the force F does not
change.)
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(a)1. Draw the free-body diagram for the fi | M
e T,

2. Apply SF = ma. Note that by f.=ma, (1) i
Newton’s thirdlaw, the normal reaction Fo-mg=0 (2 RS Jyli"‘ P
force, F,,, and the friction force acts on F-fi=ma,=F., (3) N
both masses but in opposite directions. 111.35517 T[“"

3. Evaluate f, from (1) f,=(20" 4 N=80N
(b) Evaluate F and F,, from (3) F.« = (100~ 6) N =600 N;

F=680N

(c) UseF = ma a = (680/100) m/s’ = 6.80 m/s’

A 60-kg block slides along the top of a 100-kg block with an acceleration of 3 m/s” when a horizontal force
F of 320 N is applied, asin Figure 5-46. The 100-kg block sits on a horizontal frictionless surface, but thereis
friction between the two blocks. (a) Find the coefficient of kinetic friction between the blocks. (b) Find the
acceleration of the 100-kg block during the time that the 60-kg block remains in contact.

(a) 1. The solution is similar to that of the F-f,=ma, (1) . I'_l "
previous problem except that now the force F.-mg=0 (2) = . -'7 1
F acts on the upper mass m,. The f.= ma, E
corresponding equations are listed. (3) 'J»l_f'j
2. Replacef, in (1) by (4) and solve for wk f, = MkF” = Mkmlg e T
(b) From (3) and (4) a, = m,gim, (4) B
we = (F - may)/myg;
uk = 0.238
a,=1.4m/s

The coefficient of static friction between a rubber tire and the road surface is 0.85. What is the maximum
acceleration of a 1000-kg four-wheel-drive truck if the road makes an angle of 12° with the horizontal and the
truck is (a) climbing, and (b) descending?

(a) 1. Draw the free-body diagram

£, O
g
2. Apply SF = ma usT9 COS g = MY SN g = Mg,
Solve for and find a,, Bna = (s COS ¢ - SN g); Aey = 6.12 m/s’

(b) Replace g by -g. Qe = g(w COS g + SiN g); Ay = 10.2 M/’
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A 2-kg block sits on a 4-kg block that is on a frictionless table (Figure 5-47). The coefficients of friction
between the blocks are = 0.3 and k= 0.2. (a) What is the maximum force F that can be applied to the 4-kg
block if the 2-kg block is not to slide? (b) If F is half this value, find the acceleration of each block and the force
of friction acting on each block. (c) If F istwice the value found in (a), find the acceleration of each block.

(a) 1. Draw the free-body diagram

2. Apply SF = ma fs,max = rnlamax; Fnl = rnlg’ Fmax - fsmax = rnzamax

3. Usef = MSFnl and solve for a,,, and F, B = usg; Finec = (m1+m99u5;
Qe = 2.94 M/, F, ., = 17.7 N

4. Evaluate a,,,,, and F,,
(¢) 1. The blocks move as a unit. The force on m, is a = Fl(m, +m); a=2.95m/s’
f.=(2.95" 2)N=59N

m,a = f,
(c) 1. If F =2F,, then m, slipson m,. f:fk:ukmlg
2. Apply SF = ma ma, = f = Wmg; ma, = F - ,mg
3. Solve for and evaluate a, and a, for &= 0 3= (F- ngml)/mz;
F=354N a, = 1.96 m/s a, = 7.87 m/S’

In Figure 5-48, the mass m,= 10 kg slides on a frictionless table. The coefficients of static and kinetic
friction between m, and m, = 5 kg are s = 0.6 and k = 0.4. (a) What is the maximum acceleration of m,? (b)
What is the maximum value of m, if m, moveswith m, without slipping? (c) If m, = 30 kg, find the acceleration
of each body and the tension in the string.

The free-body diagrams for m, and m, are P

identical to those of the previous problem. Now A

oy I'I‘n

the force F arises from the tension T in the string
supporting m,, as shown.

(a) See Problem 5-37 (d) 1. For my = 30 kg, m, will slide on m,. Follow
(b) 1. Apply SF = ma the procedure of Problem 5-37(c). Note that
2. Solve for and evaluate m, a;=a,
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2. Add the equations involving T to find a, Ay = usg; A, = 5.89 M/S

3. Evaluate a, and T using equation (1) T=(m +m)a,.,; mg-T=ma,
my =, {m+m)/(1- ) m = 22.5kg
ma, = fc = Wmg; ma,=T-,,mg; (1)
mea, = Mg - T= m;a, (2)

a,=(m,- mlw)g/(m2 +m,); a,= a; = 6.87 m/S®
a,=(0.4" 9.81) m/$=3.92m/s% T=88.3N

A box of mass mrests on a horizontal table. The coefficient of static friction is“s. A force F isapplied at an
angle S shown in Problem 5-32. (a) Find the force F needed to move the box as a function of the angle 0" (b)
At the angle 0 for which this force is a minimum, the slope dF/de of the curve F versus 9 is zero. Compute
dF/d9 and show that this derivative is zero at the angle 0 that obeys tan 0° us Compare this general result with
that obtained in Problem 5-32.

The expression for F was obtained previously: F = p mg/(cos 8 + p_sin 8)0. F isaminimum when the
denominator is a maximum. Differentiate (cos ot ug'n e) and set to 0. (d/de)(cos ot msin e) =

-sin g +
5-32.

_ . — -1 — —_ o H
MScos 0= 0. Solvefor o g = tan us For = 0.6, 0= 31° in agreement with the result of Problem

A 10-kg block rests on a 5-kg bracket like the one shown in Figure 5-49. The 5-kg bracket sitson a
frictionless surface. The coefficients of friction between the 10-kg block and the bracket on which it rests are
s=0.40 and , = 0.30. (a) What is the maximum force F that can be applied if the 10-kg block is not to slide

u e
on the bracket? (b) What is the corresponding acceleration of the 5-kg bracket?
(a), (b) 1. Draw the free-body diagrams for the two a
objects. The net force acting on m, in the I E:} Fa m
o o _ _ 1y 2
direction of motionisf,- F. 8,5 = fona = “anz . .
T~ =
and since m, does not move relative to m,, thisis [; m;)g$ 13 . fH
also the acceleration of m,. o o 12
' nl
2. Apply SF = ma Fo=mg; 2F - f,=mga; f,= ma
3. Usef, = uFre and solve for a = a,,, A = usrnzg/(ml +2M,); 8y = 1.57 M/S’
4, Solve for F = Fmax I:max = mz(usg - amax); I:max =23.5N

--- Lou has set up akiddie ride at the Winter Ice Fair. He builds a right-angle triangular wedge, which he
intends to push along the ice with a child sitting on the hypotenuse. If he pushes too hard, the kid will slide up
and over the top, and Lou could be looking at a lawsuit. If he doesn’t push hard enough, the kid will slide down
the wedge, and the parents will want their money back. If the angle of inclination of the wedge is 40°, what are
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the minimum and maximum values for the acceleration that Lou must achieve? Use m for the child’s mass, and

us for the coefficient of static friction between the child and the wedge.

1. Draw the free-body diagam. The diagram is for i
finding a.,; fo = foma = MSFn and points upward.

To find a,,,, reverse direction of f, N

4
[V

L

2. Apply SF = ma F.sin 0" uSF”COSG = ma; F,cos g + LlsFnsin g~ Mg = 0
3. Use the second equation to solve for F, F.= rng/(cose + Mssin e)
4. Substitute F, into first equation and solve for
a=ay, _ . sin® -pu,cos6
5. Reverse the direction of f, and follow the amin = 92050 + posin 6 0
same procedure to find a, . _ sin® +p.cosH

amax = -
max cos @ - pgsin O

A block of mass 0.5 kg rests on the inclined surface of awedge of mass 2 kg, asin Figure 5-50. The wedge
is acted on by a horizontal force F and slides on africtionless surface. (a) If the coefficient of static friction

between the wedge and the block is | = 0.8, and the angle of the incline is 35°, find the maximum and minimum

values of F for which the block doesH not dlip. (b) Repeat part (a) with = 0.4.

(a) Useresults of Problem 5-41 for a,;, and A, =-0.627 M/, F,,;,, = -1.57 N; (accelerate backward)
A, Then set F = my,a. Substitute Ay = 33.5mM/S F,,, =83.7N

numerical values. F.,=6.49N; F,,=375N

(b) Repeat (a) with .= 0.4

True or false: An object cannot move in acircle unless there is a net force acting on it.
True; it requires centripetal force.

An object moves in acircle counterclockwise with constant speed (Figure 5-51). Which figure shows the
correct velocity and acceleration vectors?

(c)
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A particleistraveling in avertical circle at constant speed. One can conclude that the is constant.
(a) velocity (b) acceleration (c¢) net force (d) apparent weight (e) none of the above
(e)

An abject travels with constant speed v in acircular path of radiusr. (a) If visdoubled, how isthe

acceleration a affected? (b) If r is doubled, how is a affected? (c) Why isit impossible for an object to travel
around a perfectly sharp angular turn?
(a) ap V% aisquadrupled. (b) ap 1r; aishalved. (c) Would require an infinite centripetal force (r = 0).

A boy whirls aball on astring in a horizontal circle of radius 0.8 m. How many revolutions per minute must
the ball make if the magnitude of its centripetal acceleration is to be the same as the free-fall acceleration due to
gravity g?

a =~o’fr =0, o = ./g/r = ./9.81/0.8 rad/s = 3.5 rad/s = 33.4 rpm

A 0.20-kg stone attached to a 0.8-m long string is rotated in a horizontal plane. The string makes an angle of
20° with the horizontal. Determine the speed of the stone.
1. Draw the free-body diagram. Note that a, = 0 and T

a, = V. Theradius of thecircleisr = L cos 9" w,‘
where L is the length of the string.
g
2. Apply SF = ma Tsinez mg; Tcose=mv2/(Lcose)
3. Solve for and evaluate v. v= (f[gcos0 cot® 0; v=45m/s

A 0.75-kg stone attached to a string is whirled in a horizontal circle of radius 35 cm as in the conical
pendulum of Example 5-10. The string makes an angle of 30° with the vertical. (a) Find the speed of the stone.
(b) Find the tension in the string.

This problem is identical to Problem 5-48; since the angle 0 is with respect to the vertical, the expressions for v

and T must be changed accordingly.

(a), (b) Writevand Tin terms of 4 and r v=frgtan6 0; T= mg/cos
Evduatevand T v=141m/s; T=85N

A stone with amassm= 95 g is being whirled in a horizontal circle at the end of a string that is 85 cm long.
The length of required time for the stone to make one complete revolution is 1.22 s. The angle that the string
makes with the horizontal is . (a) 52° (b) 46° (c) 26° (d) 23° (e) 3°

VILg = cos g cot ¢ (see Problem 5-48); substitutev =r = L cos g and obtainsing = gL  *

o (Zn/1.22) rad/s.

g =S n'[(9.81 " 1.22%/(0.85" 4n2)] = 25.8% (c) is correct.

A pilot of mass 50 kg comes out of avertical divein acircular arc such that her upward acceleration is 8.5g.
(a) What is the magnitude of the force exerted by the airplane seat on the pilot at the bottom of the arc? (b) If the
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speed of the plane is 345 km/h, what is the radius of the circular arc?

(a) 1. Draw the free-body diagram
|.

2. Apply SF = ma F-mg=ma
3. Solve for and evaluate F F =9.5mg = 4660 N
(b) r = Va,; evaluate for a, = 8.5g, v = 95.8 m/s r=110m

52 .- A 65-kg airplane pilot pulls out of adive by following the arc of a circle whose radius is 300 m. At the
bottom of the circle, where her speed is 180 km/h, (a) what are the direction and magnitude of her acceleration?
(b) What is the net force acting on her at the bottom of the circle? (c) What is the force exerted on the pilot by
the airplane seat?

(a) 1. See Problem 5-51 for the free-body diagram.

2.a=a,=Vvrh a = (50°/300) m/s* = 8.33 m/<’, directed up
(b) Fe = ma F..= (65" 8.33) N =542 N, directed up
() F=mg+F,. F=(542+ 65" 9.81) N = 1179 N, directed up

53* -+ Massm, moves with speed v in acircular path of radius R on africtionless horizontal table (Figure 5-52).
It is attached to a string that passes through a frictionless hole in the center of the table. A second massm, is
attached to the other end of the string. Derive an expression for R in terms of m;, m,, and v.

1. Draw the free-body diagrams for the two masses dE

2. Apply SF = ma T=mvR
T-mg=0
3. Solvefor R R = (m/m,)V'/g
54 - In Figure 5-53, particles are shown traveling counterclockwise in circles of radius 5 m. The acceleration

vectors are indicated at three specific times. Find the values of v and dv/dt for each of these times.

(a) The accelerationisradial; a=a, = V’f; v=(as)” = (20" 5)* m/s=10m/s. dv/dt = 0

(b) a has radial and tangential components. a, = a, = (30 cos 30°) m/S; v = (a.r)*?; forr =5m, v=11.4 m/s. The
tangential accelerationisa sin 30° = 15 m/s’ = dv/dt.
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(c) Here a, = (50 cos 45°) m/S’ = V?Ir. For r =5 m, v = 13.3 m/s. The tangential acceleration is directed opposite
to v and its magnitude is (50 sin 45°) m/s = 35.4 m/s”. Hence, dv/dt = -35.4 m/s”.

A block of mass m, is attached to a cord of length L,, which isfixed at one end. The block movesin a
horizontal circle on africtionless table. A second block of mass m, is attached to the first by a cord of length L,
and also moves in acircle, as shown in Figure 5-54. If the period of the motion is T, find the tension in each
cord.

1. Draw the free-body diagrams for the two blocks

Note that there is no vertical motion.

2. Apply SF = ma to each mass T, = my(L, + L)w* = my(L, + L,)(2p/T)°
T1 - Tz = mlLl(ZpIT)Z
3. Solvefor T, T, = [mL, + m(L, + L,)](2p/T)°
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56 - A particle moves with constant speed in acircle of radius 4 cm. It takes 8 s to make a complete trip. Draw the
path of the particle to scale, and indicate the particle’ s position at 1-s intervals. Draw displacement
vectors for each interval. These vectors also indicate the directions for the average-velocity vectors for each
interval. Find graphically the change in the average velocity Dv for two consecutive 1-s intervals. Compare
Dv/Dt, measured in this way, with the instantaneous accel eration computed from a = VAr.

The path of the particle and its positionat 1 s
intervals are shown. The displacement vectors are
also shown. The velocity vectors for the average
velocitiesin the first and second intervals are along
Dv = 2v,sin22.5°. Also Dr = 2rsin22.5° = 3.06 cm.
Dv/Dt = 2.34 cm/s’. The instantaneous speed is
an/T = cm/s and the instantaneous acceleration is

then Vir = (3.14°/4) cm/< = 2.47 cm/<’.

in the lower diagre

t=0s and

57* - A man swings his child in acircle of radius 0.75 m, as shown in the photo. If the mass of the child is 25 kg
and the child makes one revolution in 1.5 s, what are the magnitude and direction of the force that must be
exerted by the man on the child? (Assume the child to be a point particle.)

1. See Problem 5-49. In this problem T stands for the period.

2.tan g = virg = rwzlg = 4n2r/gT 2 tan g = (47t2 © 0.75)/(9.81° 1.5°) = 1.34; g = 53.3
(see Problem 5-49)
3 F= mg/cose F=(25" 9.81/c0s53.3°) =410 N

58 .- The string of a conical pendulum is 50 cm long and the mass of the bob is 0.25 kg. Find the angle between
the string and the horizontal when the tension in the string is six times the weight of the bob. Under those
conditions, what is the period of the pendulum?

1. See Problem 5-48 for the free-body diagram and the relevant equations.

2.sin 0~ mg/T; solve for and evaluate 0 0= sin(1/6) = 9.6°
3.T=2r1Nh= an/‘/L gcos© cot 0 ;evaluate T T=2n fLsin6/9g 0=0.58s

59 - Frustrated with hisinability to make aliving through honest channels, Lou sets up a deceptive weight-loss
scam. The trick isto make insecure customers believe they can “think those extra pounds away” if they will
only take aridein avan that Lou claimsto be “specially equipped to enhance mental-mass fluidity.” The
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customer sits on a platform scale in the back of the van, and Lou drives off at constant speed of 14 m/s. Lou then
asks the customer to “think heavy” as he drives through the bottom of a dip in the road having aradius of
curvature of 80 m. Sure enough, the scale’s reading increases, until Lou says, “Now think light,” and drives
over the crest of a hill having a radius of curvature of 100 m. If the scale reads 800 N when the van is on level
ground, what is the range of readings for the trip described here?

1. Draw the free-body diagrams for each case. [T

Passing through the dip, a. is upward; driving i

over the crest, a, is downward. The apparent IE

weightsare F, and F,, respectively. Wiz fing
2. Apply SF = ma F,- mg = mvf, F,- mg = -mv’l,
3. Evaluate F, and F,. F,=1000N; F,=640N

A 100-g disk sits on a horizontally rotating turntable. The turntable makes one revolution each second. The
disk islocated 10 cm from the axis of rotation of the turntable. (a) What is the frictional force acting on the disk?
(b) Thedisk will slide off the turntable if it islocated at aradius larger than 16 cm from the axis of rotation.
What is the coefficient of static friction?
(a) 1. Draw the free-body diagram.

(1
I =

] IRV

g

2. Apply SF = ma F,=mg; f,= mrw? = mr(znfr)2
3. Evaluatef, f;=0.395 N

— — H — 2 2 _
(b) Forr=0.16 m, f,= HSF”' Find us = 471: rigT* = 0.644

A tether ball of mass 0.25 kg is attached to a vertical pole by a cord 1.2 m long. Assume the cord attaches to
the center of the ball. If the cord makes an angle of 20° with the vertical, then (a) what is the tension in the cord?
(b) What is the speed of the ball?

This problem isidentical to Problem 5-48, except that the angle 9 is now with respect to the vertical.
Consequently, the relevant equations are: Tcos g =mgand v = [Lgsin 6 tan 6 0. Substituting the appropriate
numerical values one obtains(a) T=2.61 N, (b) v=1.21 m/s

An object on the equator has an acceleration toward the center of the earth because of the earth’s rotation
an acceleration toward the sun because of the earth’s motion along its orbit. Calculate the magnitudes of both
accelerations, and express them as fractions of the free-fall acceleration due to gravity g.
1. Evauate (rotation) and o (orbital motion) or = 2,/(247 607 60) rad/s=7.27" 10° rad/s
o= /365 =19.9" 10°® rad/s
2. Evauate R, 5" and R, o’ (see Appendix B on a,=3.37" 10°m/$=3.44" 10%gy
page AP-3) a,=5.95" 10°m/=6.1" 10"y
A small bead with a mass of 100 g slides along a semicircular wire with aradius of 10 cm that rotates about a
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vertical axis at arate of 2 revolutions per second, as shown in Figure 5-55. Find the val ues of 9 for which the

bead will remain stationary relative to the rotating wire.
The semicircular wire of radius 10 cm limits the motion of the bead in the same manner as would a 10-cm string
attached to the bead and fixed at the center of the semicircle. Consequently, we can use the expression for T

derived in Problem 5-58, T = 2n [[sin 6 /g, where here g Isthe angle with respect to the horizontal. Thus, we
shall use T = 2= fLcos 8 7g . Solving for o we obtain o = cos™(Tg/4, °L) = 51.6"

64 - Consider abead of mass mthat isfree to move on athin, circular wire of radiusr. The bead is given an
initial speed v, and there is a coefficient of kinetic friction e The experiment is performed in a spacecraft

drifting in space. Find the speed of the bead at any subseguent time't.
1. Draw the free-body diagram. Note that the

acceleration of the bead has two components, the

radial component perpendicular to v, and a

tangential component due to friction directed -.Ei; o
opposite to v. _;.-‘?'i:u
B II.
2. Apply SF = ma F.= mvf; f, = Mkmvzllr = -m(dv/dt)
3. Rewrite the differential equation dvA/ = -(w/r)dt
4. Integrate the differential equation; the limitsonv  and t arev, and v, and 0 and t, respectively.
Bl i B L
V. vog rg 1+ (Kevo/ Nty

65* --- Revisiting the previous problem, (a) find the centripetal acceleration of the bead. (b) Find the tangential
acceleration of the bead. (¢) What is the magnitude of the resultant accel eration?

2

2 0

— — Vo 1 =

(a) Usethe result of Problem 5-64 8= Vi = Tél + (L vo/ Nty

(b) a = - W
u

at = -Hkac
(©) a=(a’+a’)”

a=a(l+ Mkz)“, where a. is given above.

66 - A block issliding on africtionless surface along a loop-the-loop, as shown in Figure 5-56. The block is
moving fast enough that it never loses contact with the track. Match the points along the track to the appropriate
free-body diagrams (Figure 5-57).

A:3 B:4, C:5 D:2

67 - A person rides aloop-the-loop at an amusement park. The cart circles the track at constant speed. At the top
of the loop, the normal force exerted by the seat equals the person’s weight, mg. At the bottom of the loop, the
force exerted by theseat willbe . (a) 0 (b) mg (¢) 2mg (d) 3mg (€) greater than mg, but the exact value
cannot be calculated from the information given
At thetop, mZr = 2mg. At the bottom, F, = mg + 2mg = 3mg. (d) is correct.
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The radius of curvature of aloop-the-loop roller coaster is 12.0 m. At the top of the loop, the force that the
seat exerts on a passenger of mass mis 0.4mg. Find the speed of the roller coaster at the top of the loop.
mv’r = 1.4mg; v = (1.4rg)*2 = 12.8 m/s

Realizing that he has left the gas stove on, Aaron races for his car to drive home. He lives at the other end of
along, unbanked curve in the highway, and he knows that when he is traveling alone in his car at 40 km/h, he
can just make it around the curve without skidding. He yells at his friends, “Get in the car! With greater mass, |
can take the curve at higher speed!” Carl says, “No, that will make you skid at even lower speed.” Bonita says,
“The mass does not matter. Just get going!” Who is right?

Bonitaisright.

A car speeds along the curved exit ramp of afreeway. The radius of the curveis 80 m. A 70-kg passenger
holds the arm rest of a car door with a 220-N force to keep from sliding across the front seat of the car.
(Assume the exit ramp is not banked and ignore friction with the car seat.) What is the car’s speed? (a) 16 m/s
(b) 57 m/s (c) 18 m/s (d) 50 m/s (e) 28 m/s

mvlr = F; v = (Frim)*; v=15.9 m/s. (a) is correct.

Suppose you ride a bicycle on a horizontal surface in acircle with a radius of 20 m. The resultant force
exerted by the road on the bicycle (normal force plus frictional force) makes an angle of 15° with the vertical.

(a) What is your speed? (b) If the frictional force is half its maximum value, what is the coefficient of static friction?

72 -
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(a) 1. Draw the free-body diagram

2. Apply SF = ma F.=mg; f,= mvlr

3. F, + f,makes an angle of 15° with vertical ViIrg = tan 15°

4, Solve for v v=(20" 9.81° tan 159" =7.25 m/s
(b) o= fonalFo = 2/F, u = 2V = 2tan 15°= 0.536

A 750-kg car travels at 90 km/h around a curve with aradius of 160 m. What should the banking angle of the
curve be so that the only force between the pavement and tires of the car is the normal reaction force?
1. See Example 5-12. g = tan*(vg) = 21.7".

A curve of radius 150 m is banked at an angle of 10°. An 800-kg car negotiates the curve at 85 km/h without
skidding. Find (a) the normal force on the tires exerted by the pavement, (b) the frictional force exerted by the
pavement on the tires of the car, and (¢) the minimum coefficient of static friction between the pavement and
tires.

(a), (b) 1. Draw the free-body diagram

2. Apply SF = ma
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=~ e
3. Multiply (1) by sing, (2) by cosy and add '-.L_IL,.:"' Ly
4. Evaluate F, and use (2) to evaluate f, . :”";'-![.
(C) H&min = fs/Fn .
F.sin g +fcos g = mvir (1)
Fncose - fan g = Mg (2)

F., = (mvl)sin g + Mgcos g
F,=8245N; f.= 1565 N

ymn = 0.19

On another occasion, the car in the previous problem negotiates the curve at 38 km/h. Find (a) the normal
force exerted on the tires by the pavement, and (b) the frictional force exerted on the tires by the pavement.
Proceed as in the previous problem. One obtains (a) F, = 7832 N, and (b) f,=-766 N (f, points up along the
plane.)

A civil engineer is asked to design a curved section of roadway that meets the following conditions: With ice
on the road, when the coefficient of static friction between the road and rubber is 0.08, a car at rest must not slide
into the ditch and a car traveling less than 60 km/h must not skid to the outside of the curve. What is the
minimum radius of curvature of the curve and at what angle should the road be banked?

1. Thefree-body diagram for the car at rest is that

of
Problem 5-73; for the car at 60 km/h, reversef,

In Fn(cose + Mgsi ne) =mg (1); Fn(uscose - sine) =0 (2
each case we require that f, = f ., = “an. 0= tan-l(M ) 0= tan’(0.08) = 4.57°

2. Apply SF=maforv=0 F.(cos 0- Wsm 6) =mg (1a);

3. Solve (2) for 9 and evaluate Fn(MsCOS 0 +sin e) =mvr (2a)

4. Apply SF =maforv? 0 0.9904F, = mg; 0.1595F, = mvk

r=176 m
5. Substitute numerical valuesinto (1a) and (2a)

6. Evaluater for v=16.67 m/s

A curve of radius 30 m is banked so that a 950-kg car traveling 40 km/h can round it even if the road is so
icy that the coefficient of static friction is approximately zero. Find the range of speeds at which a car can travel
around this curve without skidding if the coefficient of static friction between the road and the tiresis 0.3.

This problem is similar to the preceding problem, and we shall use the free-body diagram of Problem 5-73.

1. Determine the banking angle g = tan’(V’irg) = 22.8°

2. Apply SF = ma for v = v,,, (diagram v = O of F,(cosg + ug' Ng) = Mg; Fn(uscose - Sing) = My, I
Problem 5-75)
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3. Evauate for g = 22.8°, = 0.3. 1.038F, = mg; 0.1102F, = nV,;,/r; V.~ = 0.106rg
4. Evauate v, Viin = 5.59 m/s = 20.1 km/h
5. Repeat steps 3, 4 using (1a) and (2a) of Ve = 15.57 m/s = 56.1 km/h

Problem 5-75

77* - How would you expect the value of b for air resistance to depend on the density of air?
The constant b should increase with density as more air molecules collide with the object as it falls.

78 - Trueor false: The terminal speed of an object depends on its shape.
True.

79 - Asaskydiver falls through the air, her terminal speed (a) depends on her mass. (b) depends on her
orientation as she falls. (c) equals her weight. (d) depends on the density of the air. (€) depends on all of the
above.
(a), (b), and (d)

80 - What are the dimensions and Sl units of the constant b in the retarding force bv" if (a) n =1, and (b) n = 2?
(a) For n=1, [b] = [F]/[v] = [ML/T?/[LIT] = [M/T], kg/s; (b) for n = 2, [b] = [ML/T?/[L¥T?] = [M/L], kg/m
81* - A small pollution particle settles toward the earth in still air with aterminal speed of 0.3 mm/s. The particle

has amass of 10"° g and a retarding force of the form bv. What is the value of b?
Whenv = v, bv = mg, b = mgh, b=(10"" 9.81/3" 10% kg/s=3.27" 10°kg/s
82 - A Ping-Pong ball has amass of 2.3 g and aterminal speed of 9 m/s. The retarding force is of the form bv?.
What is the value of b?
For v =v, bv’=mg, b = mgh;? b=[(2.3" 10°" 9.81)/(99)] kg/m =2.79 " 10" kg/m

83 - A sky diver of mass 60 kg can slow herself to a constant speed of 90 km/h by adjusting her form. (a)
What is the magnitude of the upward drag force on the sky diver? (b) If the drag force is equal to bv?, what is
the value of b?
(a) Sincea=0, F,= mg =589 N. (b) (See Problem 5-82) b = mgh;? = (589/25°) kg/m = 0.942 kg/m

84 - Newton showed that the air resistance on afalling object with circular cross section should be approximately

1/2pnr2\’2’ Wherep = 1.2 kg/m®, the density of air. Find the terminal speed of a 56-kg sky diver, assuming that his

cross-sectional areais equivalent to adisk of radius 0.30 m.
Forv=v,Fy=mg=12.r A% v, =,f@mg )(pr r?) 0=56.9 m/s
85* .- An 800-kg car rolls down a very long 6° grade. The drag force for motion of the car has the form

F, =100 N + (1.2 N-s/nT)V’. What is the terminal velocity of the car rolling down this grade?
1. Draw the free-body diagram. Note that the car —

II--E m|

moves at constant velocity, i.e., a = 0. il

2. Apply SF = ma F,=mgsin 9
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3. Use Fyasgiven, m= 800 kg, and g = 6° (100 + 1.2V)) N = 820 N
4. Evauatev = v, v, = 24.5 m/s = 88.2 km/h

While claims of hailstones the size of golf balls may be a slight exaggeration, hailstones are often substan-
tially larger than raindrops. Estimate the terminal velocity of a raindrop and alarge hailstone. (See Problem
5-84.)

1. Estimate the radius of araindrop and a hailstone Raindrop, r, = 0.5 mm; hailstone, r, = 1 cm

2. Evaluate b, and b, using b = 1/2npr2 b,=4.7" 10" kg/m; b,=1.9" 10" kg/m
3. Find m and m, using m :47cr3p/3 o= 10°kg/m®, m = 5.2 " 107 kg;

on = 920 kg/m®, m, = 3.8~ 10° kg
4. Find v,, and v,;, using v, = (mg/)** v, @3 m/s; v, @14 m/s

(a) A parachute creates enough air resistance to keep the downward speed of an 80-kg sky diver to a constant
6 m/s. Assuming the force of air resistance is given by f = bv’, calculate b for this case. (b) A sky diver free-falls
until his speed is 60 m/s before opening his parachute. If the parachute opens instantaneously, calculate the initial
upward force exerted by the chute on the sky diver moving at 60 m/s. Explain why it isimportant that the
parachute takes a few seconds to open.

(a) For v=yv,f=mg = bv? solve for and find b b =mghZ?= (80" 9.81/36) kg/m = 21.8 kg/m
(b) Find f f = 78.48 kN, corresponds to a = 100g
Thisinitial acceleration would cause internal
damage

An object falls under the influence of gravity and adrag force F, = -bv. (a) By applying Newton’s second
law, show that the acceleration of the object can be written a = dv/dt = g - (b/m)v. (b) Rearrange this equation to
obtain av/(v - v;) = -(g/v)dt, wherev, = mg/b. (c) Integrate this equation to obtain the exact solution

v = %( 1-¢e®Mm) =y (1-¢9%w)0. (d) Plot vversust for v, = 60 m/s.

(a) From Newton’s second law, ma = F,, = mg - bv. Divide both sides by m and replace a by dv/dt to obtain
the result.

(b) Multiply both sides by -dt/[g - (b/m)v]; then multiply by (b/m) and replace gmvb by v..

(c) Integrate over v between the limits of 0 and v; integrate over t between the limitsof 0 and t.

\

\' t
o @l :In(l—v/vt):-g(\'jt = - & take antilogs of both sides to obtain
V-Vt e \t g Vt Vi
0

t

0

1-vly, = ¢%v.Solving forvgivesv:th_- e-gt/vt)
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(d) The graph of vversust for v, = 60 m/sis shown.
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89* ... Small spherical particles experience aviscous drag force given by Stokes' law: F, = 6__rv, wherer isthe

m™m

radius of the particle, visits speed, and .. isthe viscosity of the fluid medium. (a) Estimate the terminal speed of

n
aspherical pollution particle of radius 10° m and density 2000 kg/m®. (b) Assuming that the air is still and n is
1.8 " 10° N-g/n¥, estimate the time it takes for such a particle to fall from a height of 100 m.

Assume a spherical particle. Also, neglect the time required to attain terminal velocity; we will later confirm that

this assumption isjustified.

(a) Using Stokes'slaw and m= (4/3)nr3p solve v, = (2r2pg)/(9n) =2.42 cm/s
for v,
(b) Find the timeto fall 100 m at 2.42 cm/s t = (10* cm)/(2.42 cm/s) =4.13" 10°s=1.15h
Find time, t', to reach v, (see Problem 5-88) t¢ @bv/g = 12 ms <<< 1.15 h; neglect of t¢isjustified

90 - Anair sample containing pollution particles of the size and density given in Problem 5-89 is captured in a
test tube 8.0 cm long. The test tube is then placed in a centrifuge with the midpoint of the test tube 12 cm from
the center of the centrifuge. The centrifuge spins at 800 revolutions per minute. Estimate the time required for
nearly all of the pollution particles to sediment at the end of the test tube and compare this to the time required
for a pollution particle to fall 8 cm under the action of gravity and subject to the viscous drag of air.

1. The effective accelerationisa, = r ro =10.127 (2.~ 800/60)°] m/s’ = 840 m/s’ >>g
2.Find v, = (2r’ra.)/(9n) (See Problem 5-89) Vv, = (2.42 cm/s)(840/9.81) @200 cm/s
3. Find time to move 8 cm t =(8/200) s=40 ms
4. Find time to fall under g, i.e, at 2.42 cm/s t,=(8/2.42) s@8s
91 - The mass of the moon is about 1% that of the earth. The centripetal force that keeps the moon in its orbit

around the earth (a) is much smaller than the gravitational force exerted by the moon on the earth. (b) depends
on the phase of the moon. (c) is much greater than the gravitational force exerted by the moon on the earth. (d) is
the same as the gravitational force exerted by the moon on the earth. (€) | cannot answer; we haven't studied

Newton’s law of gravity yet.

(d) by Newton’sthird law.




92 -

93* -

94 -

95 -

Chapter 5 Applications of Newton's Laws

True or false: Centripetal force is one of the four fundamental forces.
False

On an icy winter day, the coefficient of friction between the tires of a car and a roadway might be reduced to
one-half its value on adry day. As aresult, the maximum speed at which a curve of radius R can be safely
negotiated is (a) the same as on adry day. (b) reduced to 70% of its value on adry day. (c) reduced to 50% of
its value on adry day. (d) reduced to 37% of its value on adry day. (€) reduced by an unknown amount
depending on the car’'s mass.

(D) Voo = (ng)”Z; therefore Vi, = Voo /A2 .

A 4.5-kg block slides down an inclined plane that makes an angle of 28° with the horizontal. Starting from
rest, the block slides a distance of 2.4 min 5.2 s. Find the coefficient of kinetic friction between the block and
plane.

1. Draw the free-body diagram

i, A5
= I
o mg \
2. s= 1/2at’ solve for and find a a=2st’=0.1775 m/s’
3. Apply SF = ma mg sin g - fy = ma; F, = mg cos 4
4. Setf, = an and solve for " we= (gsin g - a)l(g cos )
5. Find " for a=0.1775 m/s’, g = 28° = 0.51

A model airplane of mass 0.4 kg is attached to horizontal string and fliesin a horizontal circle of radius

5.7 m. (The weight of the plane is balanced by the upward “lift” force of the air on the wings of the plane.) The
plane makes 1.2 revolutions over 4 s. (a) Find the speed v of the plane. (b) Find the tension in the string.

(@ v=ry=2.1T v=1[2_ " 5.7/(4/1.2)] m/s=10.7 m/s

(b) F (tension) = ma = ma, = mv’fr F=(0.4" 10.7°/5.7)N=8.0N

Show with aforce diagram how a motorcycle can travel in acircle on the inside vertical wall of a hollow
cylinder. Assume reasonable parameters (coefficient of friction, radius of the circle, mass of the motorcycle, or
whatever is required), and cal culate the minimum speed needed.

We shall take the following values for the numerical calculation: R=6.0 m,

=0.8.
“‘S

1. The appropriate free-body diagram is shown. The
normal reaction force F, provides the centripetal

&, keeps

force, and the force of static friction, W

the cycle from sliding down the wall.
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uSF" mg; F, = MR

Vinin = ‘Im = 8.6 m/s = 31 km/h
2. Apply SF = ma
3. Solvefor and evaluatev = v,

An 800-N box rests on a plane inclined at 30° to the horizontal. A physics student finds that she can prevent
the box from sliding if she pushes with aforce of at least 200 N parallel to the surface. (a) What is the coefficient
of static friction between the box and the surface? (b) What is the greatest force that can be applied to the box
parallel to the incline before the box slides up the incline?
(a) 1. Draw the free-body diagram.

&
CJ e
2. Apply SF = ma F+f,-mgsing=0; F,=mgcos gy
3. Usefm = MsF and solve for and find us w= tan - F/(mg cos y); s 0.289
(b) 1. Find . from part (a) fomex = MQ SIN g- F=400N -200 N =200 N

2. Reverse the direction of f,, and evaluate F F=mgsin ot f__. =400N + 200 N = 600 N

The position of a particle is given by the vector r = -10 m cos ol i+10msin u)tj, wherew = 25" (a) Show
that the path of the particleisacircle. (b) What is the radius of the circle? (c) Does the particle move clockwise
or counterclockwise around the circle? (d) What is the speed of the particle? (e) What is the time for one com-
plete revolution?

(a), (b) We need to show that risconstant. r = ,[¢2 + 2 = {/100(cos?t + sin’@t) m = 10 m,

(c) Notethatatt=0,x=-10m, y=0; at t = Dt (Dt small), the particleisat x @10 m, y = Dy, where Dy is
positive. It follows that the motion is clockwise.

(d) v=drfdt = (10, sin ) im+ (10, cos . ‘t)jm; v = vi+ vy = 100 = 20 mis
€ T=2/,=rS

A crate of books isto be put on atruck with the help of some planks sloping up at 30°. The mass of the crate
is 100 kg, and the coefficient of sliding friction between it and the plank is 0.5. You and your friends push
horizontally with aforce F. Once the crate has started to move, how large must F be in order to keep the crate
moving at constant speed?

1. Draw the free-body diagram f‘n

2.Note that a = 0. Apply SF = ma Fcose-Man-mgsinezo;
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Fn-Fsine-mgcosezo
3. Solve for F and evaluate mg(sin® + p, cose)

F = 0; F=1486 N

cos® - u,sin®

100 -- Brother Bernard is avery large dog with a taste for tobogganing. Ernie gives him aride down Idiots
Hill—so named because it is a steep slope that levels out at the bottom for 10 m, and then drops into ariver.
When they reach the level ground at the bottom, their speed is 40 km/h, and Ernie, sitting in front, startsto dig in his
heels to make the toboggan stop. He knows, however, that if he brakes too hard, he will be mashed by Brother
Bernard. If the coefficient of static friction between the dog and the toboggan is 0.8, what is the minimum
stopping distance that will keep Brother Bernard off Ernie’s back?
1. Draw the free-body diagram

111 [

] ARNI R
[|J =

2. Apply SF = ma
3. Sy, = V2, = vzlzusg

Fn = m91 fsmax = “SFn = rnamaxv amax = MSg
Snn = 7.86 M

101* -- An object with amass of 5.5 kg is allowed to slide from rest down an inclined plane. The plane makes an
angle of 30° with the horizontal and is 72 m long. The coefficient of kinetic friction between the plane and
the object is 0.35. The speed of the object at the bottom of the planeis (a) 5.3 m/s. (b) 15 m/s. (c) 24 m/s.

(d) 17 m/s. (e) 11 m/s.
1. Draw the free-body diagram

i
2T
e
2. Apply SF = ma mg sin g - Fn = ma;
F,-mgcos g = 0
3. Solvefor a a=g(sing- €S )

4.Use V' = 2as
5. (d) is correct

v = \/2(gsine -u,9cos@)s = 16.7 m/s

102 -- A brick slides down an inclined plank at constant speed when the plank isinclined at an angleeo. If the
angleisincreased to o the block accel erates down the plank with acceleration a. The coefficient of kinetic
friction is the same in both cases. Given 00 and o calculate a.

The free-body diagram is the same as for the preceding problem. We now have mg sin 0o = f, = an, and

Mg CoS g0 = F.. Solving for ik we obtain  , = tan 9o With 6= prMd sin 91" wmg COS g, = Ma, and using the

Mk
result wk = tan g onefinds a = g(sin g1 - tan go CoS 91)'

103 - One morning, Lou wasin a particularly deep and peaceful slumber. Unfortunately, he had spent the night in
the back of a dump truck, and Barry, the driver, was keen to go off to work and start dumping things. Rather than
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risk a ruckus with Lou, Barry simply raised the back of the truck, and when it reached an angle of 30°, Lou slid
down the 4-m inclinein 2 s, plopped onto a pile of sand, rolled over, and continued to sleep. Calculate the
coefficients of static and kinetic friction between Lou and the truck.

1. Use Equ. 5-4 w= tan 30° = 0.577

2. Apply SF = ma and use s = 1/2at’ F,=mg cos g; mg sin g - WM COS ¢ = Ma; a = 25t

3. Solve for and evaluate Wk e tan 4 - 2s/(tg cos o e 0.342

104 - Inacarnival ride, the passenger sits on a seat in a compartment that rotates with constant speed in a vertical
circle of radiusr = 5 m. The heads of the seated passengers always point toward the axis of rotation. (a) If the
carnival ride completes one full circlein 2 s, find the acceleration of the passenger. (b) Find the slowest rate of
rotation (in other words, the longest time T to complete one full circle) if the seat belt is to exert no force on the
passenger at the top of the ride.

(@ a=r, *=4_"T a=5_"ms
(b) Inthiscase, a = a, = g; solveforand find T T= ZTc(r/g)”2 ; T=4.49s

105* .- A flat-topped toy cart moves on frictionless wheels, pulled by a rope under tension T. The mass of the cart is
m,. A load of mass m, rests on top of the cart with a coefficient of static friction us The cart is pulled up aramp

that isinclined at an angle 9 above the horizontal. The rope is parallel to the ramp. What is the maximum tension

T that can be applied without making the load slip?
1. Draw the free-body diagrams for the two objects.

1. m,is accelerated by f. Apply SF = ma Fre = Mg COS g; usng COS g - Mg sin 0 = M
2. Solvefor a,,, Ay = g(wcos 0" sin 9)

3. The masses move as single unit. Apply SF = ma T-(m, +m)gsin 0 (m, + mZ)g(Mscos 5" sin 9)
4. Solvefor T T=(m+ mg)gHSCOS 0

106 -- A sled weighing 200 N rests on a 15° incline, held in place by static friction (Figure 5-58). The coefficient of
static friction is 0.5. (a) What is the magnitude of the normal force on the sled? (b) What is the magnitude of the
static friction on the sled? (c) The sled is now pulled up the incline at constant speed by a child. The child weighs
500 N and pulls on the rope with a constant force of 100 N. The rope makes an angle of 30° with the incline and
has negligible weight. What is the magnitude of the kinetic friction force on the sled? (d) What is the coefficient
of kinetic friction between the sled and the incline? (e) What is the magnitude of the force exerted on the child

by theincline?
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Draw the free-body diagrams for the F,=200cos 15° = 193 N

sled (m,) and the child (m,). f,=200sin 15°=51.8 N
100cos 30° - 200sin 15° - f . = Fra;

F.. = 200cos 15° - 100sin 30° = 143 N; f., = 0.5~ F;
fom = 715N, Fo =-36.7N <0

F.» = (500c0s15° + 100sin30°) N = 533 N;
F, = (500sin30° + 100cos30°) N = 216 N
(a) F,=migcos F=5/5N
(b) Apply SF = ma
(c) Determineif the sled moves

The sled does not move! f, is undetermined.
(d) uk undetermined.
(e) Apply SF = ma

Note that the child is stationary

F = (FnZ2 + sz)uz

A child slides down a slide inclined at 30° in time t,. The coefficient of kinetic friction between her and the

slideis“k. She finds that if she sits on a small cart with frictionless wheels, she slides down the same dlidein

time 1/2t,. Find e
1. Apply SF = ma for case with and without friction  a, = g(sin 30° - €S 30%; a,=gsin 30°

2. s= 12a.t = 1/2a.t,’ = at,’/8; a,la, = 4; solve for = (3/4)tan 30° = 0.433

The position of a particle of mass m= 0.8 kg as afunction of timeis r =xi+yj=Rsin mti + Rcos wtj,
whereR=4.0m, and  =2_ s*. (a) Show that this path of the particle is a circle of radius R with its center at the

origin. (b) Compute the velocity vector. Show that v,/v, = -y/x. (c) Compute the acceleration vector and show
that it isin theradial direction and has the magnitude v’f. (d) Find the magnitude and direction of the net force
acting on the particle.



Chapter 5 Applications of Newton's Laws

(a) See Problem5-98.r = R=4m.

(b) See Problem 5-98. v = (mR cos mt) i- (wR sin 0)t)j = [(81t cos mt) i- (87C sin mt) il m/s,

Vi, = -cot t=-yk.

(c) a=dvfdt =[(-16_"sin 1) i- (16 "cos 1) j] m/s; notethat a = -4_*, i.e, in the radial direction toward
origin. The magnitude of ais 16n2 m/s = [(875)2/4] m/s = V.

(d F=ma= 12'8n2 N; the direction of F isthat of a, i.e., toward the center of the circle.

109* -- In an amusement-park ride, riders stand with their backs against the wall of a spinning vertical cylinder. The
floor falls away and the riders are held up by friction. If the radius of the cylinder is 4 m, find the minimum
number of revolutions per minute necessary to prevent the riders from dropping when the coefficient of static
friction between arider and the wall is 0.4.

1. Apply SF = ma F,= mrwz; foma = MSFn =mg
2. Solve for and evaluatem o= (g/wr)w; o= 2.476 rad/s = 23.6 rpm

110 - Some bootleggers race from the police down aroad that has a sharp, level curve with aradius of 30 m. As
they go around the curve, the bootleggers squirt oil on the road behind them, reducing the coefficient of static
friction from 0.7 to 0.2. When taking this curve, what is the maximum safe speed of (a) the bootleggers' car, and
(b) the police car?

(a), (b) Apply SF = ma Fo = Mg; T = | d19 = MV I
smac |y
Solve for V., Vina = (,97)"
(a) Evaluate vy, for .= 0.7 Vi = 14.35 m/s = 51.7 km/h
(b) Evaluate Vi, for ;= 0.2 Vi = 7.67 m/s = 27.6 km/h

111 -- A mass m, on a horizontal shelf is attached by athin string that passes over africtionless peg to a 2.5-kg
mass m, that hangs over the side of the shelf 1.5 m above the ground (Figure 5-59). The system is released from
rest at t = 0 and the 2.5-kg mass strikes the ground at t = 0.82 s. The system is now placed in itsinitial position
and a 1.2-kg mass is placed on top of the block of mass m,. Released from rest, the 2.5-kg mass now strikes the
ground 1.3 seconds later. Determine the mass m, and the coefficient of kinetic friction between m, and the shelf.
1. Draw the free-body diagrams.

ol

. Apply SF = mato m,.

6. Repeat part 2 for the second run to find a,.
7. Repeat parts 3 and 4 to find T,.

8. Apply SF =matom, + 1.2 kg.

9. Simplify the preceding result.

10. Solve (1) for

uk
11. Substitute (3) into (2), simplify to obtain a
2. Use s = 1/2at” to find the acceleration a, of the quadratic equation for m,.
first run. 12. Use the standard solution for m.
3. Apply SF = mato m, 13. m, must be positive, only one solution applies.

4. Evaluate T, 7. 14. Substitute m, = 1.22 kg into (3) and evaluate
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uk

a, = (3 m)/(0.82 s)
a, = 4.46 m/s’.

T1 - Mg = -Myay;
T, = (2.5 kg)[(9.81 - 4.46) m/s]; T,=13.375N
13.375N - W = m,(4.46 m/s’). (1)

a,=(3m)/1.38)*=1.775 m/s’
T, = (2.5 kg)[(9.81 - 1.775) m/s7; T, = 20.1 N
20.1N - Mk(m1 + 1.2 kg)g = (1.775 m/s)(m, + 1.2 kg)

17.97 N - W™ - (1.2 kg)wg = (1.775m/Hm,  (2)
. [(13.375 N) - (4.46 m/s)m]/m,g (3)
2.685m” + 9.947m, - 16.05=0

-9.947 + [9.947% + 4(2.655)(16.05)

m = kg 0
' 2(2.685) ’

m, = (-1.85 = 3.07) kg; m, = 1.22 kg.

e = 0672

112 --- (a) Show that a point on the surface of the earth at latitude 0 has an acceleration relative to a reference frame
not rotating with the earth with a magnitude of 3.37 cos 0 cm/s’. What is the direction of this acceleration? (b)

Discuss the effect of this acceleration on the apparent weight of an object near the surface of the earth. (c) The
free-fall acceleration of an object at sea level measured relative to the earth’s surface is 9.78 m/s’ at the equator
and 9.81m/s’ at latitude 9= 45°. What are the values of the gravitational field g at these points?

(a) R=6.37 " 10° cmisthe radius of the earth. At alatitude of 0 the distance from the surface of the earth to the
axis of rotationisr = R cos 0" The rotational speed of the earth is o Zn/86400 rad/s=7.27" 10°rad/s. The
accelerationisr *= (6.37 " 10°cos g)(7.27 " 10°)° cm/s’ = 3.37 cos g cm/s’. The acceleration is directed

toward the axis of rotation.

(b) Since the force of gravity supplies the required centripetal force, the acceleration of gravity at the surface of
the earth is reduced in magnitude. Consequently, the apparent weight is slightly reduced. This effect is greatest at
the equator.

(c) The free-body diagram for amassmat g = 45° 45°,

is shown. We also show the acceleration at 9=
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a
1.Ate=0°,geﬁ=g-aC -
2. Aty = 45° g and a, are not colinear (see
diagram). Use law of cosines. mg \

Find solution of the quadratic equation.
1.g=0y+a = (978 + 3.37) cm/s’ = 9.814 m/S

2. gu’ = 9" + " - 2ga,c0845° = ¢° + a." -1.41ga,
¢° - 3.37g - 962350 = 0
g =9.827 m/s’




